A simple Kronig-Penney model for 1D mesoscopic systems with δ peak potentials is used to study numerically the influence of a constant electric field on the conductance fluctuations and distribution at the transition. We found that the conductance probability distribution has a system-size independent form with large fluctuations in good agreement with the previous works in 2D and 3D systems.
Introduction
During the last two decades several works have been devoted to understand the transport properties in mesoscopic systems [1] [2] [3] [4] [5] [6] [7] [8] . Experiments performed in such systems showed that the conductance g is not a self-averaged quantity [3] and then fluctuates as the function of the Fermi energy, chemical potential and the sample size. In the metallic regime experimental [2] [3] [4] and theoretical [5] [6] [7] [8] studies indicated that the conductance fluctuations are of order of e 2 /h and are universal (i.e. independent of the system size or the amount of disorder).
In the localized (insulating) regime, the conductance exhibits strong fluctuations which tend to diverge for large system sizes [9, 10] . At critical point of the metal-insulator transition (MIT), large fluctuations were predicted analytically for d = 2 + ε (ε <C 1) [11, 12] but not detected numerically by Markos and Kramer in 2D and 3D systems [13, 14] . They found that the large conductance fluctuations are not the general feature of the metal-insulator transition. It was also found that the variance of log(g) is of order of its mean value and the standard deviation
Since the conductance does not obey to the central limit theorem [1] not only its mean value but its whole probability distribution has to be studied. Numerical results in 2D and 3D disordered systems showed that the conductance is gaussian distributed in the metallic regime [16] while for strongly localized systems (insulating regime) a log-normal distribution was found [16] . The correct form of the probability distribution at the transition is not well known. In such regime, it was proved that the conductance distribution is independent of the microscopic details of the model (determined by the distribution of the disorder), of the system size and of the position of the critical point which separates the metallic and the localized regime in the space of external parameters (energy, disorder). This universality of the conductance distribution was studied and confirmed for 2D and 3D models [13] [14] . The system-size invariance of P(g) at the critical points of the MIT was confirmed for 3D and 4D orthogonal systems [?, ?] . It was also found that that the critical distribution depends on the dimension [?], the symmetry of the system [15, 17] and on the boundary conditions [?].
The electric field was shown to delocalize the electronic states in 1D disordered systems (where all the states are localized) [20, 21] . In a previous work, we have shown that the Anderson transition may occur for strong fields [?] .
In this work, we use the Kronig-Penney model to test the size-independent probability distribution of the conductance at the transition in disordered mesoscopic chain under the influence of an electric field.
Model description
We consider a Kronig-Penney model applied to a 1D system of equally spaced potential V(x) with random strengths under a constant electric field F. The corresponding Schrodinger equation can be read:
Here Ψ(x) is the single particle wavefunction at x, β n the potential strength of the n -th site and E the single particle energy in units of Ti 2 /2m with m the electronic effective mass. The electronic charge e and the lattice parameter a are taken here for simplicity to be unity. The chain length is identical to the number of scatterers (L = N). The two ends of the system are assumed to be connected ohmically to ideal leads (where the electron moves freely) and maintained at a constant potential difference V = FL. The potential strength β n is uniformly distributed between -W/2 and W/2 (W being the degree of disorder).
The exact solution of the equation (1) 
where Ψ n is the value of the wavefunction at site n and k n = E + Fn is the electron wave number at the site n. The solution of equation (2) 
where the factor two arises from the two possible states of the electron spin.
Results and discussion
In this section we discuss the numerical results of the conductance fluctuations and dis- Figure 1 , we show the variance of Ln(g) as a function of the applied electric field (for large field strengths F > 1).
The conductance fluctuations has two pronounced peaks for F = 1.465 and F = 3. These large fluctuations are a sign of localized states even for large field strengths. We expect that the metal-insulator transition may occur at these regions. To check the nature of the regime, we show in Figure 2 the probability distribution of Ln(g) (Fig.2a) and g (Fig.2b) for different sizes of the system (L = 500, 700,800 and 900) and for F = 3. The conductance distribution is neither normal nor lognormal. The L-independence of the conductance distribution observed for 2D and 3D systems [13] [14] [15] 18 ] is confirmed here. This behaviour is not observed in the metallic and insulating regime (see Fig.3 ) where the conductance distribution depends on the size of the system. The long tail of the distribution in The distribution of g in Fig.2b has a similar shape as found recently at the crossover region between the metallic and the insulating regime in disordered quasi one-dimensional wire [?] . For an electric field strength corresponding to the first peak in Fig.1 , the conductance distribution has a size dependent form (not shown). We can conclude that the MIT regime occur at F = 3
for E = 0.4 and W = 0.25. We can also observe that this regime is characterized by very large conductances < g >~ 58 (Fig.4 and Fig.2 ) This was not observed in the metallic regime where the mean conductance is small < g >~ 0.4 [?] . We presented in Table I 
Conclusion
We have used the Kronig-Penney model in a simple1D disordered system in the presence of an electric field to examine the conductance fluctuations and the size-independence of its distribution at the metal-insulator transition. The results are in good agreement with the previous works in 2D and 3D systems for other models [13] [14] for the metal-insulator transition . It is important to study the universality of the conductance distribution at the transition in a system of finite width potentials where the conductance fluctuations are less important in comparison to the present model [?] and to find the critical points of the transition in the (energy-disorderelectric field) space and for different kinds of disorder. These problems will be the subject of a forthcoming paper. 
